The surfaces of cyclo-olefin polymer (COP) were treated using vacuum ultraviolet (VUV) light at 172 nm in wavelength in order to improve its wettability and adhesion properties. The effect of the VUV-light treatment with variable conditions was studied, and then the condition was 2 optimized. The chemical and physical properties of the sample was examined by using water contact angle measurements, X-ray photoelectron spectroscopy, fourier transform infrared spectroscopy, and atomic force microscopy. The VUV treatment of an COP sample was carried out by placing the sample in air and then irradiating the sample surface with a Xe-excimer lamp. At that time, The surface terminal groups were oxidized into the functional groups (detected as C-O, C=O, and COO components) readily on COP surfaces. The introduction of oxygen functional groups formed hydrophilic COP surfaces. We investigated how the oxygen functional groups are formed on the COP surface from the viewpoint of different distances between the lamp and the sample. The dependence of oxygenation extent on different experimental parameters of VUV irradiation distance or treatment duration is measured by atomic ratio O1s / C1s of XPS spectra and [C=O]/[C-H] area ratio of FTIR-ATR spectra. It was shown that the surface property of COP samples, such as hydrophilicity and functionalization, were improved 3
One possible advantage of VUV photochemistry over its plasma counterparts may be that a more specific surface chemistry is achieved using monochromatic radiation because of more specific and selective (photo) chemistry both on the solid surface and in the gas phase. 21 For this study, we investigated whether VUV-light treatment modifies the COP surface to produce a hydrophilic surface, whether the chemical components on the COP surfaces are modified by VUV-light treatment, and whether the rates of the introduction of functional groups on COP surfaces by VUV-light treatment differ or not, according to the influence of experimental parameters such as VUV irradiation distance and treatment duration on the extent of surface photochemical 7 modification. The chemical analysis of polymer surfaces has provided a fruitful realm for the application of X-ray photoelectron spectroscopy (XPS). XPS is now well-known for the unique qualitative and quantitative surface information derived from core and valence level spectra. However, when utilized alone, XPS has some major weaknesses. We have been active in the extension of surface analysis of polymers by fourier transform infrared spectroscopy (FTIR). Especially, using XPS and FTIR, analyzed the generation of hydroxyl, carbonyl, and carboxyl groups on the surface of COP samples treated with VUV-light, and it was shown that both XPS and FTIR complemented each other and were useful in analyzing the changes in chemical composition due to surface oxidation.
Experimental

Materials
The sample used in this study was a transparent cyclo-olefin polymer (COP) supplied by Alps Electric (Furukawa, Osaki-City, Miyagi-Pref, Japan) with a thickness of 1 mm. Samples were prepared for the VUV-light treatment and, front this, samples of different dimensions were cut for different measurements. Detailed properties of the COP have already been reported. 1 
VUV-light treatment
A schematic of the VUV-irradiation apparatus is shown in Figure. 1. We used an excimer lamp as a source of VUV light at a wavelength of 172 nm (Ushio., UER20-172V; intensity at the lamp window, 10 mW cm -2 ) as a light source. This lamp consists of two (inner and outer) quartz glass tubes. The metal electrode is mounted within the inner tube, while the metal mesh electrode is mounted outside of the outer tube. The quartz glass tubes are filled with a discharge gas. The COP samples were placed on the sample stage. In our VUV-light-exposure system, the chamber was filled with ambient air, and the distance between the lamp window and the sample surface was fixed at 5 and 30 mm. Since oxygen molecules strongly absorb VUV light at 172 nm, the VUV light is attenuated when propagating through an air layer with a certain thickness. The optical absorption coefficient of the VUV light at wavelength 172 nm in ambient air with an oxygen partial pressure 0.2 atm was reported to be in the range of 10-15 cm -1 atm -1 , 22 indicating that the transmittance the light through a 10 mm-thick air layer is calculated to be in the range of 5 -13%, and we also observed measured the value was about 10%. Therefore, the transmittance for 5 mm is estimated to be less than 50%, which means that the light intensity at the COP surface is less than 5 mW cm -2 . At a distance of 5 mm, the sample surface was directly irradiated with the VUV light emitted from the lamp window, although there was a absorption loss with about 50%. Simultaneously, the sample surface was exposed to active oxygen species generated in the space just on the sample surface. Both the reactions, that is, VUV-excitation of the COP surface and the oxidation of the COP surface with the active oxygen, were considered to proceed on the sample surface. In contrast, the transmittance for 30 mm is estimated to be less than 0.1%, which means that the light intensity at the ODS-SAM surface is less than 0.010 mW cm -2 . In other words, at the distance of 30 mm, VUV light was absorbed almost completely by atmospheric oxygen molecules, yielding active oxygen species such as ozone and atomic oxygen, hence no substantial amount of VUV-light reached the sample surface. The direct irradiation of COP surfaces with VUV photons is not expected in the system of an air layer of 30 mm, and only the VUV-light-generated active oxygen can participate in the surface modification of the COP. 
Chemical and physical properties analysis
Results and Discussion
and remote VUV-light
We investigated whether VUV-light treatment modifies COP surfaces to make the COP surface hydrophilic. The changes of water contact angles on the COP surface treated with VUV-light for irradiation distance 5 and 30 mm are shown in Figure 2 , respectively. As can be observed, the COP surface treated with VUV-light for irradiation distance 5 mm became hydrophilic more rapidly than that for irradiation distance 30 mm. In case of distance 5 mm, water contact angles show large decrease in the modifying hydrophilic surfaces with increasing VUV irradiation time but level off from 20 min. After 20 min, the water contact angle settled at zero. In contrast, in case of distance 30 mm, it gradually decreased but level off from 40 min. Finally, the water contact angle remained at approximately 14˚. Thus, for VUV irradiation time of 5 min the water contact angle loss is around 78 and 44% for distance 5 and 30 mm, respectively. Results showed that, on the COP surface, the surface contact angle made by VUV-light treatment decreased to modify hydrophilically. It was expected that the COP surfaces treated by VUV-light treatment were introduced by the oxygen functional groups.
Chemical composition of direct and remote VUV-light treated COP sample surface
This VUV-irradiated surface chemical conversion of COP was studied in more detail using XPS. By means of XPS measurement, we investigated the dependency of surface oxygenation of COP on different experimental conditions, such as VUV irradiation distance and treatment duration. We can use the atomic ratio of intensity of O1s to that of C1s (O1s/C1s) as a measure of the surface oxygenation extent. The increase in the extent of surface oxidation with VUV irradiation time is shown in with a peak at 940 cm -1 , can be assigned to CH out-of-plane deformation (-CH=CH 2 ), and CH out-of-plane deformation (980-955 cm -1 ) in vinylene (-CH=CH-) with a high level of confidence. As above mentioned, Figure   6 and 7 shows the increase of the C=C double bonds concentration in a sample surface. This can be explained as follows: C=C double bonds are formed by the abstraction of hydrogen, known as the dominant mechanism during VUV irradiation of hydrocarbon polymers. [26] [27] [28] Figure 6 
Conclusions
In this study, COP surfaces were irradiated using an excimer lamp found. This is that the VUV irradiation time is 40 min, respectively. In particular for both cases, which appears to be quite stable against active oxygen, the photochemical activation seems to be crucial. It has also been 25 shown that the reaction path can be influenced by the selection of VUV-light treatment conditions. Furthermore, from present investigation it can be seen that VUV-light treatment technology for COP surface modification appears to offer a number of advantages: 1) the equipment is simple and cheap; 2) the equipment can be safely and easily operated; 3) no chemical reagents are required; 4) there are no residual polluting byproducts and tedious after treatment. Therefore, it is expected that VUV-light treatment is a promising technology to modify COP surface properties in industry field. 
